Colorectal cancer patients mainly die of metastatic disease rather than the primary tumour. Key events in metastasis are increased proteolytic activity, increased cell motility and altered expression of adhesion molecules [1] [2] [3] [4] [5] . Cell adhesion molecules can be classified into five major groups [ 3, 6] 
Introduction
Colorectal cancer patients mainly die of metastatic disease rather than the primary tumour. Key events in metastasis are increased proteolytic activity, increased cell motility and altered expression of adhesion molecules [1] [2] [3] [4] [5] . Cell adhesion molecules can be classified into five major groups [ 3, 6] [7] [8] [9] [10] [11] [12] [13] . It is a generally accepted concept that adhesion of cancer cells in the capillary bed of a distant organ is based on interactions between the endothelium and cancer cells [1, [14] [15] [16] [17] . [18] [19] [20] [21] . We have evidence that both concepts are at least partly correct because we have previously shown that colon cancer cells (CC531s) administered to the portal vein of rats bind to hepatocytes and not to sinusoidal endothelial cells [18] . It was observed that the cancer cells are arrested abruptly in sinusoids, endothelial cells retract locally within 30 min and specific molecular bridges are then formed between cancer cells and hepatocytes [18] . In the present study, we investigated these molecular interactions between these cell types in vitro and in vivo and focused on the involvement of integrins and CD44 variants. 
: integrins, selectins, cadherins, members of the immunoglobulin superfamily and other molecules. They all have been suggested to be involved in cancer progression and metastasis. Two types of adhesion molecules, the integrins and the CD44 hyaluronic acid receptors, are of particular importance with respect to the development of colon cancer and metastasis

The contrasting concept is that of mechanical entrapment of cancer cells in the first capillary bed that the cells encounter
Materials and methods
Animals
Induction of tumours in rat liver
To induce tumours in livers of rats, the animals were anaesthetized by intraperitoneal injection of a mixture of 1 ml Hypnorm, 1 [24, 25] . 
Western blotting
Immunohistochemistry and immunocytochemistry
Sections of livers containing tumours and colon cancer cells after cul-
Results
Electron microscopy
Colon cancer cells cultured on glass slides were flat with few pseudopodia (Fig. 1A) . (Fig. 1C) and resulted in large areas of parallel running plasma membranes (Fig. 1D) . Electron tomography revealed electron dense molecular contacts between cancer cells and hepatocytes (Fig. 2) (5 and 6) and CD44v6 (7 and 8) . In culture, cancer cells express an ␣v isoform which is lost during tumour progression, whereas in tumours a ß1 isoform is expressed which is absent in cultured cells.
Fig. 4 Localization of ß1 (A; bar = 40 µm), ␣6 (B; bar = 60 µm) integrin subunits and CD44 (C; bar = 150 µm) and its splice variant CD44v6 (D; bar = 60 µm) in cryostat sections of rat liver containing 3-weeks-old tumours. The ß1 integrin subunit is localized at the plasma membrane of cancer cells (cc) and is abundantly present in tumour stroma (arrow) (A). Localization of the ␣6 integrin subunit is restricted to the basal side of cancer cells in acini (arrows) (B). CD44 is localized at the plasma membrane of cancer cells (cc) and in tumour stroma (arrow) (C), whereas CD44v6 is restricted to cancer cells (D).
contacts that have been observed previously in vivo [18] . These molecular contacts were present between the ridges of parallel running membranes (Fig. 1D) , but not between pseudopodia of cancer cells and microvilli of hepatocytes (Fig. 1C) .
Western blotting of liver metastases and cultured colon cancer cells
Western blotting showed that cancer cells that were scraped after culture and 3-weeks-old tumours expressed integrin subunits ␣v and ␤1, and CD44 and its splice variant CD44v6 (Fig. 3) (Fig. 3) .
. Blotting of ␣6 was not possible with the antibody available, whereas blotting of ␣L, ß2 and ß3 was not performed because immunohistochemistry did not reveal any positivity on CC531s cells. Control incubations in the absence of primary antibodies were always negative. The anti-␣v antibody revealed a band of 150 kD in both cultured cancer cells and tumours. A second band with a lower molecular weight was present in homogenates of cultured cells but not of tumours indicating expression of an ␣v-isoform by cancer cells in culture that is lost during tumour progression. Western blots stained with anti-␤1 antibodies revealed a 130 kD band both in cultured cancer cells and tumours. Tumour homogenates showed an extra ß1 band that was absent in cultured cells. This was likely expressed by stromal cells. Staining of CD44 revealed in both cultured cells and tumours an 85 kD band indicating the CD44s form, and two isoforms of approximately 180 kD. These two 180 kD bands and not the 85 kD band were stained with the anti-CD44v6 antibody indicating that 180 kD isoforms contained the v6 domain
Immunohistochemistry of colon cancer tumours in liver
At 3 weeks after intraportal administration of CC531s cells, moderately-differentiated colon cancer tumours of 2-5 mm in diameter
were present in the livers. Cancer cells were arranged in acinar structures surrounded by stromal cells (Fig. 4) (Fig. 5C ). Tumours at 4 hrs to 3 days after cancer cell inoculation showed similar staining patterns.
Immunocytochemistry of cultured colon cancer cells
CC531s cells expressed ␣6 and ß1 integrin subunits but not ␣L, ␤2
and ␤3 subunits ( Table 2 ). CD44 and its CD44v6 splice variant were expressed only after longer periods of culture (Fig. 6) (Fig. 7) .
Discussion
We have previously shown that colon cancer cell arrest in rat liver sinusoids is due to size restriction rather than adhesion to endothelium [18] . We did not find a single cancer cell in the perfusate of livers collected from the hepatic vein indicating that entrapment in the sinuoids was absolute. This would not happen when arrest was due to selective adhesion to the sinusoidal endothelium [26, 27] . [18] . 
After cancer cell arrest, endothelial cells retract and cancer cells have direct molecular interactions with hepatocytes in vivo
Retraction of endothelium occurs rapidly (within 30 min) after cancer cell arrest. Other studies have shown that cancer cells can disrupt the endothelial barrier in capillaries either by
␣6 (B), CD44 (E) and CD44v6 (H) staining and their respective overlays (C, F and I) in 3-days-old tumours in rat livers. Yellow represents colocalization of green and red. Cancer cells express ␣6 at the basal side (C), CD44 is expressed by cancer cells and stromal cells in tumours (F), and CD44v6 is exclusively expressed by cancer cells (I).
induction of apoptosis [26] [27] [28] [29] [30] [31] , or secretion of Vascular endothelial growth factor (VEGF) [32] , reactive oxygen species [33, 34] , arachidonic acid metabolites such as 12(S)-hydroxyeicosatetraenoic acid [35, 36] or the induction of inflammatory processes [37] . However, VEGF, reactive oxygen species and arachidonic acid metabolites are secreted by cancer cells after adhering to endothelial cells and apoptosis is not induced within 30 min [38] . Inflammatory responses and/or interactions between cancer cells and leukocytes or platelets [37] have never been observed either in our previous study [18, 38] (Table 2) . Apparently, the integrin subunits ␣6 and ß1 were resistant to 
